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JT. XnifOthidion 

Reduction of organic compounds is important syn- 
thetically both in the laboratory and in industry. There 
are many methods of effecting reduction which may or 
may not lead to hydrogenaiiop, but in this review only 
processes leading to the addition of hydrogen orw- 
placejaent of a functional group by hydrogen will be 
considered. Further, this review will be concerned 
mostly with those processes that can be effected by 
heterogeneous catalysis using molecules other than 
n mtocu lar hydrogen ea the sourcn of hydrogen. -Re- 
daction of organic factional groups can be categorized 
into (i) addition of hydrogen to unsaturated groups as, 
for example, in the reduction of ketonea to olooholB and 
(£) Addition of hydrogen anmas single bonds leading to 
cleavage of functional groups (hydrogenous). Re- 
moval of oxygen as a reductive process, as to the d*- 
oxygenation of oxtauies to alkenen, will not m ciift- 
cuascd. _ « 

Of all the methods available for addition of hydrogen 
to organic compounds, heterogeneous catalytic transfer 
reactions have been relatively underutilised- This Inck 
of cooulanty can be traced to the relatively meager 
success of much of the earlier research which suggested 
feat the .technique was ct only limtted scope and could 
provide only modest yields of products- Ths » early pi- 
oneering worlr hy Brands 1 was largely ignored because 
of poor yields and long reaction times, but the situalaon 
has changed considerably following the appearance of 
a stimulating review and the introduction of greater 
catalyst loadings and different hydrogen- donors. 3 An- 
other reason for the underutalization of transfer re- 
duction has been the very successful easploitotlon of 
molecular hydrogen end hydrides for mduction of or- 
ganic compounds. , . . 

In comparison with catalytic reduction using molec- 
ular hydrogen, transfer reduction using hydrogen do- 
no« baa real and potential advantages. Molecular b^- 
drogen, a gas of low molecular wei^itand therefore h&x 
62fiusibaityp is easily ignited and presents conside^^ 
hazards, particularly ou the large scale; the usa of hy- 
drogen donors obviates these difBcuWes in that no gas 
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SCHEME XIV 
K 2 CHOH ■ 

2R a CHOH — - > 

3Ra,CH0H — 

2R 2 CHOH — RaCH, + B 2 CO + H 2 0 
BjCHOH^ 

+ j 5- r 2 ch 2 1 r' 2 co + h 2 0 

r 2 xhohJ 

% Hydrogen Dc nors 

7. HoniuQ&noous Ca&afycie 

Although horn >- and heterogeneous catalysts can 
utilize "^™^r> t/pes of compounds as hydrogen do- 
nors, it is more 0 Eton the case tb*t different types of 
compound* are ft vorcd in the two systems The more 
active hydrogen C onors for homogeneous catalysis ap- 
pear to be prindj iaJly alcohols*, hydroaroinxriacB, cyclic 
ethers, and ocpcaionaUy formic and ascorbic acids 
wherAAfi. for het£ rogeriequs catalysis, the more widely 
used donors ten! to be' hydrazine, formic add and 
formates, phespl JnJc acfd and phoa pViinaten , indoline, 
* ^y| ^yclq^Tpq™ 0 Th^re no dear division between the 
two types, but seme of the hydrogen donors which are 
active for heterogeneous catalysts are water-soluble 
inorganic salts a ad cannot be used with many homo- 
geneoua catalyst e- Motts recently, trialkylsilanes and 
% trialkylataxinanea have .proved to be good "hydrogen 
) donors in both lomo- and heterogeneous catalysis. 40 
Whereas gi-nr-b' dylstftnnmw reduced c^uaflatnrwted 
aldehyde in me1 hsnol und er fairly drastic condrtaona, 
in the presence af PdCPPha)* and a promoter, the re- 
duction can he achieved in 10 min at room tempera 
ture.' w 

Of the alcohol 1, secondary ones have proved to he the 
best hydrogen loners and it is the hydrogen on the 
carbon attached fco the hydxosyl (o^hydrogon) which » 
transferred in Uefhat reductive atop. TerH^ry alcohols 
having » a-hy< I ro^en atoms are not hydrogen donors 
and under the i afluence of catalysts, tend to rand enre 
to form ethers < <r to eliminate water to form a Urmo g. 7 1 
primary alcohcla may or may Dot he good hydrogen 
demoxs end foxxi a specifll case which is discussed more 
fully below. 

Secondary alcohols in The presence of a homogeneous 
catalyst* but in absence of a hydrogen acceptor may 
react In one of five principal modes viz., by dehydro- 
genation, dehyixation* reductive coupling, dispropor~ 
tionaUon, and bydrogexiulyaxs (equations sr-d, reepec- 
) tivcly); whore & second type of alcohol is involved, a 
reaction (e) similar to (d) may occur. 103 ' 127 In the 
presence of a s aitahle hydrogen acceptor, reaction (a) 
usually occurs with die hydrogen being transferred to 
the acceptor, 'sot not of course as the molecular hy- 
drogen of reaction (a), and the secondary alcohol is 
• transformed t lto a ketone- 

An ohydrog en of a piintary alcoh ol is less likely than 
that of aseoon iery Alcohol W react as a hydride species, 
because of the smaller etociron-releasiag indoctive effect 
of one alhylgp^ as against two. Nevertheless, ethanol 
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and 1-propanol have been used successfully for the 
transfer reduction of carboboranes,* 04 aldehydes, 110 
alkynes, 117 dienes, m and alkenes. U8 Benzyl alcohol is 
active in the reduction of double bonds in micturated 
ketones, **** acids and estera™ 5 and cycloalkenm, 116 and 
in the Auction of aldehydes to alcohols. 75 "™ Even so, 
primary alcohols may not be rewarding as hydrogen 
donors because aldehydes, the products of their dehy- 
dfugenation, act ad catalyst poisons. Also, aldehydes 
when nnmplexed to some homogeneous catalyst systems 
are decaxbonylated so that CO becomes atomd which 
may inactivate eaialyst (Scheme XV). 67 -^^^ In 
some catalyst, systems in which ethane! or benzyl al- 
cohol have been used successfully as hydrogen donors, 
attempts to detect such carbonyl complexes were urt- 
succesafuL 1 - 15 There are reports of the resistance of 
aldehydes to decarboxylation 110 and, tn contrast, others 
in which tfre aldehydes are 'decarbonated to give a new 
active catalyst as a result of incorporation of the CO as 
augend*" 

Diols, some primary and soma secondary* have been 
used as hydroeen donors even though they yielded al- 
dehydes by debydrogenatioru Kthane*l J 2-diol J cyclo- 
hexane-l^-dlol, hexzuie*l»G^diol 9 and butane-2,3-diol 
have been utilised in the catalytic transfer reduction 
of aUcenes to alkanes 1 ^' 105 ^™' 140 and of ketones to 
alcohols. 207 Similarly, polyois such as teanoses, pyru- 
noses, and poxy tSinyl alcohol) have bean employed to 
reduce unsaturated ketones to saturated ke- 
tonea, TG ' 7a ^ 1 ^ ld7r2Da2a9 and ^^unsaturated acids to 
saturated adds. 85 Ia the absence of ahydrogenracceptox 
Substrate, suy&j» undergo mutual oaddation/reHuction 
to ^ve,in«U«ft of two aldehyde groups, an alcohol and 
a lactone."* 20 ? The best hydrogen donors among the 
sugars have been found to be glucose* w ghicosides 
having am arrangement of three «^hydmxyl groups 
which provide the best coordination to the catalytic 

Despite the use of a variety of alcohols, 2-propenol * 
remains the moat popular donoar, hecaum of its sim- 
plicity, cheapness, avajfabOity, and the ease of removal 
of both it and its dfihy drogenation product, acetone, 
from reaction systems. The mechanism of hydrogen 
Uaudfer &om 2-propcriolto a ketom taibHtrate usfng the 
catalyst. BhCKPPha)^ bas been very extensively in- 
vestigated so that most details of the mechanism are 
dean 210 A synergist for this reaction ifl potassium hy- 
droxide which Is believed tr> he effective by removing - 
a proton from the reacting complex during part of the 
catalytic cycle. Certainly, many other homogeneous 
catalyst systems using an alcohol <xa the bydrogendonor 
appear toi acedhac* (SCOH) for their activity. 72 ^* 11 ^ 
Scheme XVI indicates how this synergistic activity may 
arise by promoting the transfer of a hydride iuu from 
an alfcoay r adkad uuto an ac\joininc coordinated kmrnne. 
Despite this careful work, the full mechanistic details 
of general catalytic transfer reduction are not under- 
stood completely. Kinetic Studies to compare the 
transfer redaction of cycloalkenes and aid ahydefl With 
RuH s (PPh 9 )4 as catalyst and 2-propanol as hydrogen 
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Johnstons, wflby biiU EntwWto 

TABLE nr. Bofewocca to Hydro*** Donor* Used 
^Snmiaoua Catalytic HaWogciuOto: 

cydofcfl t cub 

indan 

tetzalin 

tetrakQpdxoqmnoGae 



donor revealed a ' mge kmatir. Isotope effect m the re- 
daction rf alkent (transfer of hydrogen being t|»e 
•^Siting step) and no isotope eftecl with aide 
L^s^^lS »*utt do» not tavJidata the overall 
Sew or LhiB type « f hydxogw transfer, since it probably 
r^oXSeciSen^teg of certain *epsof*» 
wbnte reaction o f eydoalkenes as compared, with el 

d 1*ouisr bSni. of hydrogftn-donoi that have been 
u*S ^n^^sb^be^ade of og^g h*| 
dioxane 63 - 82 and c itouronnan iw and ctf aldehydes™ .end 
fotnSS acid. 10 * 116 » Hydroaromadc rannmnids, which 
S^bc ccocoalbmtly debydw^atea to areata 
compounds, bavu been used wide^^ 
For example. St f anrt ionnl groupa wan be ^g^=e<l^y 
using tetranydn H«w»aln«=, plpei^n^ pyrrohdme, ana 
Sne (ref7?. 105. 107. 109, 1M. 128, 140. 1«) ff 
the hydiocarbois, indan and tetralin have served to 
redu^&da to alcohols CreT 7C ; 110, X43). Aro- 
Satoarion Is m t necessarily the drtvrng few of these 
Jeacticnabeeai**. aMhollshindofceis dabydxopnated 
S^Se in tbi ss reactions, 1 *** pipendme (foes not 
yieM pyridine. 11 The eSscts of these hydrogen doner* 
are not uniforii i bo that auecassful use of one donor u* 
ono aituatfon , toes not imply ite success a 
Aldehydes can be reduced to alcohols Sn high yields 
udneRuHaCPrhsk at 140 *C with S^dlhydroftaan or 
^OTonanTl ^1 .ydr^ii-doBor. 110 hut the same donors 
with Bh0 3 at 120 °C were ineffective in reducing ni- 
trobenzene to an Tim e. 72 „^ , , 

Some leadlxi g references u» the use of <3»ah©vn hy- 
drogen duoora in catalytic transfer reduction are given 
in Table TTL 

2. Hetervgenious Catalysis 

Someofthi best hydrogen donors for heterogeneous 
catalytic transfer bydrogenatiou compr^-aTssmpia 
motecutes sudi a* cyciohesane, l^dohexadiane 
hyfeaama, form* add and formates, pbosphmic acid 
and nhospbi tates, pbnsphorous add and phosphiUs, 
a£d SuTt ^yoroborate (see Tabic TV) Geoar- 
ally, these dtoore aro oa«d with noble-metal catalyste 
(eitfcM finel; divided or supported on earners), but, 
sometimes wi tb o«fcar metals such BS cop^ and m^ 
often for use at higher Ummemtures. With ftenobte 
Xi, part.cularty Pd, Pt, and K^these^^^ 
dono» giva ip hydrogen to the substrate under adld 
conditions with reaction temperatures rarely taeeedmg 
100 "C. Afta giving up their hydscg-aa, tha «tberre- 
aeslon products from th« hydrogen donors are fre- 
quently easily removable from the reaction system. 
Thus, form c add exhibits twomodes of decomposi- 
tion^ and may give C0 8 ee CO ac its "^-hydrogen 
Naming ^» products, depending on the catalyst 
used. Simi arly.Vdraaine decomposes to give either 
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peauo-2-ol 

S-metharyndiHnol 

bcassytaleobol 
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75, 110, 890 

7?, 71V* 106. 107. 109> IK M0, 141 
107,114.140.141 
73.110 
69,82 

115. U7, liJlt 204 - 
S7,7R, 74,75.98,99.105,^1 1^ U5. 

122, 20$, 210-213, 290-893 
118, 294 
296 

71, 75. 84s 115 

S9S 

102 

118,207 

106. 140 - 

105.108.140 

79 

210 

76, TO. 81s W, 97, 105, 106, 308, 20ft 
119 

296,297 



f ormi c ftflSd 

TABLE XV. TteteCMCg to tbo yggSg* J 



ethanol 

pfrppAD-^Ol 
twrwyl aloohol 



mdoliQe 

fbnofaaod 

ohosphinic acid 
aodlom fc 

hydrazine 



47. 70.167. 170. 173. 181,134. 185. 

186,189,226.286,286 
126,201 
70.154 
177 

187, 175. 177 

166 

12V 

182 

47.-70 

173 

47, 70. 126,21*. 201 
12*. 129. 180.22S 
128.184 

128, 146, 170, 1«*» 
47 

15Z. 171. 174. 19» 
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ntoogexi at ammonia togrfhef with ^drogeB, bux 
XSwc acid (hypophespborous add) fa xioxW^ 

markedly on conditlona ofttmpatfure, P^^'*^ 

fi^Shydride. 21 ^ 16 The different modes of decamp o- 
Si^rfhySaitae are raided by th* typ^K of func 

dooar ™ The dccOBWO^tion of hyd«»ne o^??^ 
eudi asPd tend* to j&d a^^*^^ ^f ft w^ 
and can lead to hydrogenolyai- of C-O hands* or 
SXn^-^^oW 5 ^ 71 whore* ite decompose 
SnwS «idirixii ageirte tends to produce fcje. 

SSwrteiizedhy the feet that cK&nidA adds todrogm 
i^mc^c^ inripolai) double hondfl Uke thoae 
Lnd^SS^^ alkenes, but not PJ^^J^ 
c^boiiyL^ The mode of dowmpooteon of Jet^ 

SSJoundfi arft not reduced directly by sodium tetra- 

BEST AVAILABLE COPY 

A- CABINET B REESE-MA JER Page 003 



